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Abstract 
A mixed procedure, referred to as CN4GA (Curve Number for Green-Ampt), was recently introduced with the aim of 
distributing in time the net rainfall volume provided at event scale by the Soil Conservation Service - Curve Number 
(SCS-CN) method. The proposed method consists in employing the Green-Ampt infiltration equation and calibrating 
both the ponding time and the soil hydraulic conductivity using the initial abstraction and the total volume given by 
the SCS-CN method. The procedure is here applied on several rainfall-runoff events observed in an Italian watershed. 
Results confirms the general behavior already noticed in previous studies: the CN4GA procedure provides net rainfall 
intensities consistent with the runoff observations, the SCS-CN method underestimates peak intensity when applied at 
sub-daily* resolution, and the differences between the two approaches are relevant when the gross rainfall peak 
occurs at the beginning of the storm and generally in case of multi-peak events. 
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1. Introduction 
Estimating net rainfall, i.e. the difference between gross precipitation and losses, is a crucial task in 
hydrology and specifically in rainfall-runoff modeling. The lack of discharge observations in ungauged 
basins impels practitioners to resort to empirical approaches for evaluating the rainfall component that 
contributes to the runoff. One of the most used heuristic model is the Soil Conservation Service-Curve 
Number method (SCS-CN) [1,2], but recent literature [3,4] suggests that this method is not applicable at 
sub-daily time resolution and it should not be employed for estimating water infiltration into soil, mainly 
because it is a lumped approach (in space and time) developed in order to define the total direct runoff 
derived from a rainfall event.  
Recently [5,6] a mixed procedure combining the SCS-CN method and the Green-Ampt (GA) 
infiltration equation [7,8], named CN4GA (Curve Number for Green Ampt) has been proposed. The key 
concept underlying this procedure is considering the total excess rainfall and the initial abstraction 
derived from the SCS-CN for a specific rainfall event, and using them to fix the ponding time and to 
calibrate one key GA parameter, namely the saturated hydraulic conductivity of soil. In doing so, the total 
excess rainfall volume provided by the SCS-CN method can be distributed over time using a physically 
based infiltration model. 
Previous studies [5,6] described the performances of CN4GA on several observed and synthetic case 
studies underlining the differences with the standard SCS-CN procedure. Conclusions are that the latter 
method underestimates the rainfall peak intensities mainly when the peak occurs at the beginning of the 
storm and that the CN4GA parameters are insensitive when applied to extreme rainfall events. 
The aim of the present work is to provide some more insights on the proposed mixed technique, 
describing an application on a gauged catchment located in central Italy. The paper is organized as 
follows: first the methodologies for estimating the net rainfall are briefly described, then the study area 
and the proposed analyses are illustrated; finally, the results, discussions and conclusions close the 
manuscript. 
2. The net rainfall estimation methods: SCS-CN and CN4GA 
2.1. The SCS-CN method 
The Soil Conservation Service - Curve Number (SCS-CN) method [1,2] is a popular rainfall-runoff 
model widely used to estimate losses and direct runoff from a given rainfall event. It is defined according 
to the following relations: 
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where Q is runoff depth (mm), P is gross rainfall depth (mm), Ia is initial abstraction (mm), and S 
represents potential retention (mm). The only one parameter, named Curve Number (CN), is related to 
land cover, soil type and antecedent moisture condition, while the constant λ value should be fixed to 0.2. 
It is noteworthy that literature suggests to estimate different λ values when rainfall-runoff observations 
are available: basically a change in λ value causes a shift in the start of net rainfall, and hence an optimal 
value can be selected by imposing the same start of net discharge. 
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2.2. The GA method and the CN4GA mixed procedure 
The Green and Ampt [7,8] equation is a physically-based, although simplified, model to describe an 
infiltration process in soil. It is expressed according to: 
q0  r for t  tp
q0 t  Ks 1  'T'hI t
ª
¬
«
«
º
¼
»
»    for t t tp
­
®
°°
¯
°°
  (2) 
where q0 is infiltration rate; r is rainfall rate; tp is ponding time; Δh=(hsurf − hf), with hsurf being the depth 
of water on the soil surface and hf a constant matric pressure-head at the moving wetting front. I(t) is 
cumulative infiltration, and Δθ=(θs–θi) represents the change in soil-water content with θi being the initial 
value and θs the field saturated soil-water content. Ks is the saturated hydraulic conductivity, which 
should not be the value of the laboratory-measured saturated hydraulic conductivity, but has to be 
estimated by in-situ experiments. It is more convenient to refer to an effective value of the saturated 
hydraulic conductivity, Keff, obtained by the optimization procedure. 
The CN4GA mixed procedure consists in an the GA infiltration equation according the following 
steps: (a) estimation of the total rainfall excess and ponding time with the SCS-CN method. (b) 
Estimation of the Keff parameter enforcing the GA cumulative infiltration, IGA, which must be equal to the 
corresponding SCS-CN cumulative infiltration, ISCS-CN: average values for the GA parameters reported in 
the literature are first assigned based on the soil type; the estimated IGA is then compared to ISCS-CN. If IGA 
is higher (lower) than ISCS-CN, then GA is run again using a lower (higher) Keff value. The parameter Keff is 
iteratively decreased (increased) until IGA becomes equal to the corresponding ISCS-CN. At the end of this 
iterative procedure, an optimal value for the effective saturated hydraulic conductivity (Keff-opt) is 
obtained. According to the previous step, the net rainfall is maintained at zero until ponding time is 
reached. Consequently, by applying the GA with the estimated Keff-opt and given the literature values of 
other GA parameters, the CN4GA rainfall excess is computed. The CN4GA net storm has the same 
cumulative rainfall excess value and the same ponding time of the net storm derived by the SCS-CN 
method. 
3. Case study area and description of the performed analyses  
The Mignone watershed is located in Central Italy and selected as case study for this paper. Its 
drainage area is 440 km2, elevations range from 6 m to 618 m, maximum distance between divide and 
outlet is 59.1 km and basin average slope is 7.8%. Figure 1 shows the watershed DEM (75 m cell-size) 
and the extracted drainage network. Rainfall and discharge observations are available, at a time resolution 
of 1-hour and from 1998 to 2010. For the purpose of this work, 12 extreme events  (i.e. the ones having 
the annual maximum gross discharge) are selected and their main properties are summarized in Table 1. 
The data of this case study are used to estimated the net rainfall applying both the SCS-CN method and 
the CN4GA method, and to evaluate the performances comparing the two resulting hydrographs to the 
observed one.  
The estimation of the net discharge is preliminary and mandatory to such analyses and has been 
performed starting from the available gross discharge data by implementing a recursive filter application 
[9,10]; knowing the net discharge total volume, the SCS-CN procedure has been applied calibrating the 
CN and λ parameters on each event, comparing the cumulated net rainfall volume to the total direct 
runoff volume.  An example of such procedure is shown in Figure 2a for the 2004 event.  
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After having determined the net rainfall scenario provided by the SCS-CN method, the application of 
the CN4GA procedure leads to second net rainfall scenario: the two scenarios are characterized by the 
same ponding time and the same cumulative net rainfall volume.  
The last step useful for hydrograph estimation is the rainfall-runoff modeling: advanced terrain 
analysis techniques for DEM pre and post processing [11,12] are here applied using the WFIUH-1par 
geomorphological unit hydrograph [13,14] employing the time of concentration as estimated by the 
NRCS formula [15]. For the selected case study area the concentration time is equal to 17 hours and the 
corresponding WFIUH is shown in Figure 2b. 
After having determined the basin WFIUH, the convolution with the two net rainfall scenarios is 
possible, in doing so obtaining two modeled hydrographs that can be compared with the observed net 
discharge data and hence allowing to investigate on the performances of the mixed procedure. 
 
Fig. 1. (left) case study localization; (right) DEM and the extracted drainage network. 
Table 1. Rainfall-runoff events main properties: year, gross peak discharge (GQ), net discharge (NQ), cumulative net runoff volume 
(NV), cumulated gross rainfall (GR), gross rainfall peak intensity (Grip), total number of net runoff peaks (PN).  
 
  
year GQ NQ NV GR GRip PN
(m3/s) (m3/s) (106m3) (mm) (mm/h) (-)
1998 68.3 60.2 2.4 47.3 7.5 1
1999 132.8 100.1 1.9 44.0 6.5 3
2000 211.7 182.7 4.7 47.4 5.7 1
2001 128.9 113.8 5.1 46.2 5.4 2
2003 137.6 116.2 4.2 53.5 10.9 2
2004 304.7 278.2 20.6 86.5 9.2 3
2005 186.1 153.6 7.3 36.3 3.6 1
2006 215.1 158.1 4.2 34.8 8.6 1
2007 128.9 87.4 1.3 24.0 5.4 1
2008 304.0 261.1 24.5 125.4 9.9 3
2009 156.4 131.1 6.2 159.6 13.8 3
2010 277.5 217.9 7.8 141.5 32.1 1
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Figure 2. (a) Example of net discharge and net rainfall determination in the study catchment. Primary x-axis: observed gross 
discharge (continuous black line) and baseflow (discontinuous black line). Secondary x-axis: observed gross rainfall (thin light grey) 
and SCS-CN net rainfall (filled gray) balancing the total net discharge volume. (b) The WFIUH-1par obtained enforcing the 
concentration time value (17 hours) in the selected basin. 
4. Results and discussion 
In Figure 3, the hyetographs estimated with the two methods and the hydrographs observed and 
resulting from the rainfall-runoff modeling are reported for the selected maximum annual events.   
A visual inspection of this plot supports the following comments. First, results obtained in previous 
studies [5,6] are confirmed: the SCS-CN approach should be avoided at sub daily time resolution, because 
Ia is not related to the infiltration properties of the soil, and the consequence is an overestimation 
(underestimation) of losses at the beginning (end) of the event. This can be easily observed in years 2004, 
2008 and 2009. It is confirmed that applying the SCS-CN equation over time the first gross rainfall peaks 
are entirely lost independently of their intensity, while, conversely, this circumstance does not occur when 
applying the CN4GA scheme, since this last method is related to the infiltration properties of the soil and 
it is able to preserve the main peaks of the storm. This can be supported by the same panels of years 2004, 
2008 and 2009, where the CN4GA hydrographs, both in timing both in peak values, are similar to the 
observed ones; this CN4GA characteristic can be generalized to all the panels, where CN4GA performs 
better than SCS-CN, except in 2005 and 2006 where the two approaches provide the same performances. 
Moreover, looking at the events depicted in Figure 3,  additional comments can be drawn about the 
overall behavior  of the SCS-CN and CN4GA approaches. Actually, a first set of events (years 1999, 
2001, 2003, 2004, 2008, 2009) is characterized by multiple gross rainfall peaks determining multiple peak 
discharges. In such circumstances, the SCS-CN equation seems not able to follow the gross rainfall shape, 
determining a hydrograph particularly different from the recorded one, both at the beginning and at the 
end of the event. 
This particular behavior seems to be less pronounced in the case of events having only one peak of 
gross rainfall; in particular for the years 1998, 2005, 2006 and 2010 the results of two rainfall-runoff 
modeling approaches are similar and no particular differences are observed in terms of modeled peak 
discharges. 
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Figure 3. Rainfall–runoff extreme events observed in the study catchment. Primary x-axis: observed net discharge (NQ), SCS-CN 
net discharge (Q SCS-CN), CN4GA net discharge (Q CN4GA). Secondary x-axis: observed gross rainfall (GR), SCS-CN net 
rainfall (R SCS-CN), CN4GA net rainfall (R CN4GA).  
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Conversely, there are some events, like the ones occurring in 2000 and 2007, characterized by only 
one rainfall peak but where SCS-CN is not able, again, to determine an hydrograph similar to the 
recorded one; the circumstance is due to the presence of SCS-CN net rainfall at the end of the event, 
consequence of (1); a long sequence of net rainfall is hence generated applying the SCS-CN method, and 
this does not occur with the CN4GA application neither is expected by looking the observed hydrographs. 
5. Conclusions 
A mixed rainfall excess method, named CN4GA, which combines the SCS-CN method with the 
Green-Ampt infiltration equation, was developed and tested [5,6]. This method consists in applying the 
SCS-CN approach to quantify the cumulative net rainfall amount and using the Green-Ampt equation to 
distribute in time this volume. In the present work the mixed procedure was tested on a small basin 
located in central Italy and that is characterized by the availability of rainfall and discharge observations 
at 1 hour time step. Twelve extreme events have been analyzed and previous literature results are 
confirmed: the SCS-CN underestimates the net rainfall at the beginning of the event and overestimates it 
at the end. 
Several events show similar results and this occurrence is mainly due to the position of the gross 
rainfall peak inside the event. The CN4GA solution, that has a sound physical basis, can yield 
significantly different outcomes in terms of hydrograph shape, both in timing and in peak values, with 
respect to those provided by the classic SCS-CN scheme if the latter is applied at a sub-daily time 
resolution. The discrepancies  can be particularly relevant especially when the rainfall peak position is 
located at the beginning of the storm, or in the cases of events characterized by multiple peak rainfall or 
peak discharges. 
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